SrTiO 3 (STO) substrates were prepared using buffered HF etching to yield a TiO 2 terminated surface. Figure S1 shows an AFM image from a prepared substrate prior to deposition.
. Contact mode AFM image of buffered HF etched STO substrate as prepared for deposition. Terraces are approximately 100 nm is width. The procedure for etching is given in the manuscript Experimental Section.
RHEED response during SrO growth on different surfaces
SrO was deposited separately on three different types of surfaces with RHEED monitoring. Firstly, pristine buffered HF etched STO (001) substrates, secondly on top of three complete monolayers of LSMO deposited on HF etched STO, and thirdly onto a half completed layer of LSMO, deposited by ending the LSMO deposition at the minimum of a RHEED oscillation. The RHEED intensity of the in phase specular spot along a [110] azimuth was recorded in each case. Figure S2 shows the results. For growth on a BO 2 terminated surface of either LSMO or STO, the RHEED oscillation observed is similar, but when grown on LSMO the SrO layer leads to an increase in RHEED intensity after growth, whereas for growth on STO, there is no change in the intensity after deposition. For growth on a half completed LSMO layer, the oscillation appears inverted. This may be explained if the SrO is completing the half finished LSMO layer, and thus decreasing the surface step edge density. As commented in the manuscript Results section, such an inverted oscillation has been previously observed in the artificial construction of Ruddlesden Popper phases, but to our knowledge has not previously been explained. There is a strong increase in intensity after the 'inverted' oscillation, which corresponds to the appearance of 3D diffraction spots in the RHEED pattern and the presumed loss of 2D growth. This was commonly seen upon extended growth of SrO beyond one monolayer in this materials system. Figure S2 . RHEED response during growth of SrO on BO 2 terminated SrTiO 3 (black), BO 2 terminated LSMO (blue) and a half completed layer of LSMO (red). Deposition in all cases begins at the white arrow marked 'Start'. Deposition in the black and blue traces ends at the same colored arrow. In the red trace the intensity rises sharply due to the emergence of a 3D diffraction spot; therefore the end point of the deposition is not seen at this scale. In each case the RHEED intensity is normalised to the value before deposition of SrO (at t = 0).
Comparison of Interval and Standard Mode deposition
Interval mode deposition is a technique unique to PLD which has been used to promote two dimensional growth. We have used this technique to promote 2D growth in the SrO layers used to Figure S3 shows a comparison of depositions carried out using standard mode (1 Hz laser repetition rate) and interval mode (20 Hz laser repetition rate) for deposition of the SrO layers. Apart from the change in laser frequency used, the films were grown under the same conditions (700 o C, 10 mTorr O 2 ). LSMO layers were deposited under standard mode in both cases. Notably, RHEED response was qualitatively similar for both depositions: RHEED intensity fell during SrO deposition and rose during LSMO deposition, the envelope remaining roughly constant. At the end of the deposition, the RHEED pattern from the surface was streaky in both cases, indicating a smooth surface. However, theta/2theta XRD patterns indicated that only the film grown using interval deposition had the correct RP 3 structure on the length scale probed by XRD. Almost all the Bragg peaks were absent from the standard mode film, with only a broad feature close to the expected (008) RP3 peak, and a strong peak close to the (0014) RP3 peak. This example demonstrates the general case that for these depositions, RHEED oscillations and a constant RHEED envelope during growth, and a streaky RHEED pattern at completion of the deposition were not good indicators of formation of the correct structure. This is presumably due to the ability we have observed of both SrO and LSMO to grow on top of incomplete layers of the other, presumably as they contain to common structural layers. Figure S3 . Comparison of films grown using standard and interval mode deposition for the SrO layer. Top panel shows RHEED response from films grown under 1 Hz (standard mode, green) and 20 Hz (interval mode deposition, black) for deposition of SrO layers. In the expanded section to the left, which show one cycle of deposition, red shading indicates SrO deposition, and blue shading represents LSMO deposition. The RHEED patterns at the end of each deposition (ca. 50 nm thickness) are shown to the right. Both patterns are streaky indicating a smooth surface. The theta/2theta patterns from the films are shown in the lower panel using the same color code as above.
